Studies of the stromal development and mating system of Balansia epichloe were conducted. Early development of the stroma consists of both endophytic and epiphytic phases of growth. As development progresses, the epiphytic stromal subiculum on the upper surface of leaves is linked with endophytic mycelium within leaves by hyphal bridges, which may provide carbohydrates for stromal development. Sugar utilization studies suggest that Balansia epichloe is excluded from growth within inflorescence primordia of grasses by the presence of high levels of sugars that are inhibitory to growth of the endophyte. Studies of the mating system of B. epichloe were conducted, and the fungus was shown to be heterothallic, with ephelidial conidia functioning as spermatia. Insect vectoring of ephelidial spermatia is suggested to account for the irregular pattern of perithecial development on stromata.
Fungal endophytes classified as members of the teleomorph genus Epichloe (Fr.) Tul. [tribe Balansieae; Clavicipitales; Ascomycotina] or anamorph genus Acremonium Link. sect. Albolanosa Morgan-Jones et Gams are widespread in many cool-season grasses (5, 12, 15) . These fungi have been shown to have positive and negative effects on hosts and herbivores, respectively. Beneficial effects induced by these endophytes on host plants include insect resistance, drought tolerance, and fungal disease resistance (1, 4, 14) . Negative effects include toxic syndromes that develop in mammals that consume endophyte-infected grasses (10, 13, 20) . Because of their ecological impacts on host plants and economic implications for agriculture, the Epichloe and Acremonium endophytes are under investigation by numerous researchers.
Balansia epichloe (Weese) Diehl is another member of the tribe Balansieae that has been demonstrated to be endophytic (6, 8, 10, 13) , but it is poorly understood biologically. Stromata of B. epichloe (see Fig. 1H and 4A to C) occur on upper surfaces of leaves of several grasses, including Calamagrostis spp., Chloris petraea Swartz, Eragrostis spp., Gymnopogon ambiguus (Michx.) B.S.P., Panicum agrostoides Spreng., Sporobolus spp., and Tridens flavus (L.) Hitchcock. The endophytic mycelium is straight or convoluted, is unbranched, and runs longitudinally in intercellular spaces of leaf sheaths of stroma-bearing leaves (6, 8, 10) but has not been observed to infect seeds (10) . A glacial acetic acid, 90 parts 50% ethanol), dehydrated in a graded ethanol series, and embedded in acrylic polymer (L. R. White). Sections approximately 1 ,um thick were made with glass knives and stained successively in warm (45°C) aniline blue (0.1% aqueous) and toluidine blue (0.1% aqueous) for 30 s in each. All sections were examined by light microscopy.
Growth studies. Curves for growth on sugar media were determined for the following members of the Balansieae: Atkinsonella hypoxylon (isolated from Danthonia spicata (L.) Beauv.), Acremonium starrii White et Morgan-Jones (isolated from Poa palustris L.), and B. epichloe (isolated from S. poiretii). Sugar media contained Murashige and Skoog's salt base, 1.5% agar, and filter-sterilized sugar (one of the following in each medium: 0.5% fructose, 1% fructose, 0.5% glucose, 1% glucose, or 0.5% glucose plus 0.5% fructose). The pH of the media was adjusted to 7.0 prior to autoclaving. To inoculate plates, pieces of mycelium approximately 1 mm in diameter, cut from margins of rapidly growing colonies on 1% glucose agar, were used. Six replicates of each isolate-sugar combination were made, and all plates were sealed with Parafilm and incubated at 25°C. Colony diameters were measured daily for 20 days. Averages for all replicates were determined and growth curves were generated (see Fig. 2 and 3 Montgomery, Alabama, and maintained in pots for several weeks. When fresh stromata were produced, one white ephelidial conidium-bearing stroma on each plant was selected, and cross-inoculations between the three stromata were made. With sterile needles, each stroma was inoculated in two separate places along its length with mycelium and conidia scraped from the other two stromata. In this way all possible crosses between stromata, except self-inoculation, were made. Stromata were assessed after a 4-week period for signs of perithecial development (see Fig. 4B ). In two additional sets of crosses employing three stromata each (see Fig. SB and C) , portions of leaves bearing stromata were excised from plants, and the basal ends were immersed in test tubes containing water to prevent drying. All crosses were made as described above. After approximately 2 days of incubation at 25°C, stromata were examined. A browning reaction at the site of inoculation (see Fig. 4A ) indicated a compatible cross, while no reaction indicated an incompatible cross (see Fig. SB and C) .
RESULTS
Microscopic examination of infected plants of S. poiretii revealed that developing leaves show abundant endophytic mycelium (Fig. 1A) but inflorescences, which are occasionally observed on infected plants, appear free of mycelium. Sections of developing leaves show that ephelidial conidia and hyphae are observable adhering to the cuticles on both upper and lower surfaces of leaves (Fig. 1B) . On the upper leaf surfaces, epiphytic hyphae appear to enlarge, progressively forming a mycelial subiculum on which additional conidia accumulate ( Fig. 1C and D) . Concurrent with epiphytic development, intercellular endophytic hyphae proliferate in tissues of the mesophyll and vascular bundles ( Fig.   1E and F). Beneath the developing mycelial subiculum, hyphal bridges are seen to pass between epidermal cells, connecting the endophytic mycelium with the developing stroma on the upper leaf surface (Fig. 1G ). Hyphal bridges are concentrated in furrows containing bulliform cells, which are present only on the upper surfaces of leaves (9) . Bulliform cells frequently appear ensheathed by branched, convoluted hyphae (Fig. 1F) , with hyphal bridges present between bulliform cells and adjacent epidermal cells (Fig. 1G) .
In sugar utilization studies, A. hypoxylon and A. starrii, both of which proliferate on or in developing inflorescences of their hosts, showed some reduction in growth (Fig. 2) as the fructose level was increased. However, B. epichloe, which does not appear to colonize inflorescences produced on S. poiretii, was completely inhibited on all media containing fructose (Fig. 3) .
Experimental crosses involving transfer of ephelidial conidia between stromata demonstrates that perithecia develop only after stromata are fertilized with conidia of a compatible mating type ( Fig. 4 and 5) . In nonexcised stromata (Fig. 5A) , an initial browning reaction (Fig. 4A ) was followed by formation of black, raised perithecia ( Fig. 4B and D) and ascospore formation (Fig. 4E) . In excised stromata ( Fig. SB and C) , a compatible cross resulted in a browning reaction, but development of perithecia did not result. DISCUSSION Stroma development and nutritional relationships. Stromal ontogenesis in B. epichloe involves both epiphytic and endophytic phases of mycelial growth. The early epiphytic proliferation of ephelidial conidia and hyphae on the epidermis may be enabled through degradation of cuticular layers on leaf surfaces. Previous ultrastructural studies of the host-fungus interface during stroma formation on leaves of S. poiretii revealed progressive cuticular disintegration (10, 13) . Recent substrate utilization studies (16) additionally demonstrate that epiphytic members of the Balansieae, such as A. hypoxylon, possess the capacity to colonize and degrade paraffin wax droplets, a feature similarly exhibited by B. epichloe (16) .
Following an initial epiphytic phase of growth, the stromal subiculum continues to thicken only in areas where endophytic mycelium is abundant and hyphal bridges develop and connect endophytic hyphae with the epiphytic subiculum. It thus seems evident that hyphal bridges provide the means whereby the energy for continued epiphytic growth is provided from sugars or other compounds within leaf blades. Sections through vascular bundles, beneath stromata, show numerous hyphae interspersed among both xylem and phloem tissues (Fig. 1F ). This suggests that sugars such as sucrose, which is normally transported in phloem from leaf blades, where it is produced, into storage regions of the leaf sheaths, may be intercepted by the fungus and used for stromatal development (10, 16) .
The failure of stromata to develop on lower surfaces of leaves and their tendency to show longitudinal streaks on the subiculum, particularly early in development, appears to be the result of the accumulation of hyphal bridges in the longitudinal grooves present on the upper surfaces of leaves (9) . In areas of leaves where hyphal bridges do not form, epiphytic structures evanesce as leaves mature, an effect that may be attributed to desiccation on the phylloplane. Hyphal bridges are expected to transfer both photosynthate and moisture to the epiphytic stromal subiculum.
Regulation of stroma development. The initial impetus for the proliferation of endophytic mycelium in leaf blades and formation of hyphal bridges and stroma development is unknown. However, stromata are often observed to form on several different leaves simultaneously as they emerge from the grass crown, suggesting that conditions in the leaf primordial region may favor stromal initiation at specific times. Experiments on stroma development conducted by Diehl in 1950 suggest that environmental temperature is a factor in stromal initiation (6) . When temperatures were maintained at approximately 7°C, stromata failed to develop; however, at higher temperatures, development occurred normally.
In the present study, perithecia formed only on stromata that were not excised from plants. The failure of perithecium development on excised conidial stromata, beyond the initial browning reaction (Fig. 4A) , may be explained in that sugars might normally be obtained for perithecial development from the photosynthetically active leaf. Removal of stromata from plants and maintenance under low-light laboratory condi- tions, as was done with the two sets of crosses using excised stromata, may diminish the amount of photosynthate available to the fungus and prevent perithecial formation.
Plants infected by B. epichloe often show a greatly reduced frequency of flowering, an effect that is proposed to be the result of growth regulators produced by the fungus (10). However, on some infected plants, inflorescences are formed, and seeds produced on these inflorescences are invariably free of endophytic mycelium (10) . Culm examinations using pith-scraping and staining procedures (3) that ground tissues within culms often contain longitudinally oriented hyphal strands in intercellular spaces (3, 18, 19) . The absence of any mycelium in culms or seeds of plants gives further indications that inflorescence primordia are not colonized by B. epichloe.
An explanation for the failure of B. epichloe to colonize inflorescence primordia may be found in the way in which this fungus responds to sugars expected to be available in plant tissues. Recent in vitro studies of sugar utilization by B. epichloe have shown that isolates may grow on various concentrations of glucose and some strains show limited growth on low concentrations (usually less than 1% [wt/vol]) of fructose; however, higher concentrations of the latter sugar are completely inhibitory to mycelial growth (16) . Growth curves for this fungus on different levels and combinations of glucose and fructose (Fig. 3) further show that glucose is not inhibitory but that when it is mixed with an inhibitory sugar, such as fructose, complete inhibition results. Members of the Balansieae, such as A. hypoxylon and A. starrii, that colonize inflorescence primordia, show comparable levels of growth on these sugars (Fig. 2) , but their growth curves are quite different from that of B. epichloe.
The inflorescence primordium colonizers demonstrate growth rate reductions with increasing fructose concentrations; however, complete inhibition does not occur. This growth response is significant in that within tissues of and fluid surrounding inflorescence primordia, sugar concentrations are high (11) . During inflorescence primordial expansion, photosynthate is mobilized from storage polymers in leaves and transported as sucrose upward in the culm to supply energy for formation of flowers and seeds (11) . Sucrose, however, is first cleaved by fungal invertases into its component monomers, glucose and fructose, which are individually absorbed by hyphae. Thus with each sucrose molecule cleaved, fructose concentration increases, and when sucrose concentration is high, fructose may become inhibitory (16, 18, 21) . The inflorescence primordium colonizers show a capacity to tolerate increasing fructose levels, while B. epichloe lacks that capacity and as a consequence is excluded from growth in inflorescence primordia. Mating system. After development of the stromal subiculum on leaves, ephelidial conidia are produced, and then perithecia develop. The results of cross-inoculation experiments (Fig. 5) (2, 7, 17) . Perithecial development is commonly observed to occur at multiple sites on conidial stromata of B. epichloe (Fig. 4C) , a pattern which may be the result of random deposition of ephelidial spermatia during the process of feeding by insects. However, no specific insects have been identified on B. epichloe stromata.
Endophytism and seed transmission. It is generally assumed that the members of the Balansieae are endophytes (6) . However, this generalization is not entirely accurate, and several species have now been demonstrated to be entirely epiphytic, including A. hypoxylon, Balansia cyperi Edg. (8) , and Myriogenospora atramentosa (10) . Although the stromata of E. typhina are partially ectophytic, with mycelium emerging from the plant tissues, the fungus is otherwise endophytic (21) . Endophytes related to this fungus are apparently ecologically very successful, as evidenced by widespread distribution in grasses (5, 15) . B. epichloe is likewise endophytic; however, its distribution in grasses is more restricted and it is not known to occur as an asymptomatic endophyte (6, 10) . Perhaps the ability of an endophyte to propagate itself through seeds of hosts is a more relevant capacity in terms of reproductive potential and survival than merely being endophytic. At least two features seem preadaptive for seed transmission: inflorescence primordium colonization and endophytism. Inflorescence primordium colonization places the fungus near tissues which differentiate to form carpels. Since B. epichloe does not colonize inflorescence primordia, it lacks the opportunity for inclusion in carpels, where it might infect embryos that would later develop. A. hypoxylon colonizes inflorescence primordia, forming a mycelium around the inflorescence and several surrounding leaves; however, it is entirely epiphytic. Seed transmission requires that the fungus proliferate intercellularly in ovules and embryos when they develop (19, 21) . Since A. hypoxylon is entirely epiphytic (8, 16) , intercellular growth does not occur and seed transmission is an unlikely occurrence. Whether seed transmission has evolved in other members of the Balansieae requires further investigation.
